This study was designed to investigate whether there is a correlation between the down-regulation of microRNA-218 (miR-218) and the presence of human papillomavirus (HPV) infection in the pathogenesis of cervical cancer. The participants comprised 78 women with cervical intraepithelial neoplasia (CIN); 22 (28.2%) had CIN 1, 27 (34.6%) had CIN 2 and 29 (37.2%) had CIN 3. MiR-218 expression was determined by reverse transcriptase polymerase chain reaction and HPV genotypes in tissue specimens were identified with a microarray test kit. The findings showed that miR-218 levels in patients with high-risk HPV infection were lower than in those infected with low-risk or intermediate-risk HPV, or in those who were HPV-free. MiR-218 levels in patients with high-risk CIN were lower than in those with low-risk CIN. We concluded that infection with high-risk HPV lowered the expression of miR-218 and that down-regulation of miR-218 was involved in the pathogenesis of cervical cancer.
Introduction
Cervical cancer is the second most common cancer in women worldwide, with approximately 500 000 new cases and 250 000 cervical cancer deaths recorded in 2007. 1 It is well established that human papillomavirus (HPV) infection is a primary cause of cervical cancer. 2 Epidemiologically, genital HPV has been subdivided into lowrisk (LR) types which are found mainly in genital warts, and high-risk (HR) types which are frequently associated with invasive cervical cancer. 3 MicroRNAs (miRNAs) are single-stranded RNAs, 22 nucleotides in length, that serve to down-regulate gene expression by suppression of translation or messenger RNA (mRNA) degradation. 4 It has been suggested that 30% of human protein-coding genes may be regulated by miRNAs. 5 Studies in model organisms have revealed that miRNAs are involved in the control of *Y Li and J Liu contributed equally to this work.
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MicroRNA-218 in cervical intraepithelial neoplasia developmental timing, cell proliferation, neuronal cell fate, apoptosis, morphogenesis and carcinogenesis. 4, 6, 7 In several cancers, aberrant miRNA profiling appears to be associated with tumour malignancy, therapy response and prognosis. 8 -11 Over-expression or down-regulation of miRNAs may change the biological behaviours of cancer cells. 12, 13 MicroRNA-218 (miR-218) was the only specifically down-regulated miRNA found in HPV-16-positive cell lines, cervical lesions and cancer tissues 14 when compared with C-33A (HPV-negative cervical cell line) and normal cervical tissue. Introduction of miR-218 into SiHa cells (HPV-16-positive cervical cell line) could promote HPV infection of surrounding tissue and contribute to eventual carcinogenesis by reducing the levels of laminin 5β (LAMB3) mRNA as well as the laminin 5β protein. 14, 15 It is not known whether down-regulation of miR-218 is a common phenomenon in cervical tissues infected with different HPV genotypes, or what the expression levels are of miR-218 at the different stages of cervical intraepithelial neoplasia (CIN). The aim of the present study was, therefore, to evaluate the effects of infection with different HPV genotypes on expression levels of miR-218 in CIN patients and to clarify the relationship between miR-218 expression and CIN staging.
Patients and methods

PATIENTS
In this observational study, cervical tissue specimens were obtained from patients who received cervical conization or radical trachelectomy in Qilu Hospital, Jinan, China, for the treatment of cervical intraepithelial neoplasia over the period from February 2008 to June 2009. None of these patients had received chemotherapy pre-operatively. Patients were given a routine medical examination and any positive for leucorrhoea or with any other comorbidities were excluded to eliminate potential interferences.
This study was approved by the Ethics Committee of Qilu Hospital, Jinan, China. All participating patients provided written informed consent.
TISSUE SAMPLING AND CONSERVATION
Samples of epithelial tissue 0.5 cm × 0.5 cm were taken from the vaginal cervix of each participant for HPV genotyping and miR-218 detection. These specimens were washed in sterile saline and placed in 10× volume of RNAlater ® (Ambion, Austin, TX, USA) at 4°C overnight, and then conserved in liquid nitrogen.
HPV GENOTYPING
The HPV genotyping was performed using a HPV GenoArray ® test kit (HybriBio, Hong Kong, China) according to the manufacturer's instructions. This kit was chosen for its high rate (93.8%) of agreement with the commonly used Amplicor ® HPV test (Roche Molecular Systems, Alameda, CA, USA) 16 and its good sensitivity, specificity and reliability. 17 Its pool of HPV-specific primers and its microarray allow DNA amplification and the detection of the following 21 HPV genotypes: five LR types (types 6, 11, 42, 43 and 44), 14 
RNA ISOLATION
Small RNA fractions were isolated using a TRIzol ® reagent kit (Invitrogen, Carlsbad, CA, USA) and cDNA was obtained using a PrimeScript™ reverse transcriptase (RT) reagent kit (Takara, Dalian City, China), according to the manufacturers' instructions. Briefly, 100 ng of mRNA was reverse Y Li, J Liu, C Yuan et al. MicroRNA-218 in cervical intraepithelial neoplasia transcribed using a sequence-specific stemloop primer. The RT primer sequence was: 5′-GTTGGCTCTGGTGCAGGGTCCGAGGTATTC GCACCAGAGCCAACACATGG-3′ and the RT reaction conditions were: initially 16°C for 30 min; followed by 60 cycles at 30°C for 30 s, 42°C for 30 s and 50°C for 1 s; and finally 85°C for 5 min before storage at 4°C until use. 18
MIR-218 EXPRESSION ANALYSIS
Expression levels of MiR-218 were measured by relative quantitative real-time poly merase chain reaction (PCR) using Universal Probe Library (UPL) probe 21 (Roche Diagnostics, Indianapolis, IN, USA) 18 and the ABI StepOnePlus™ PCR system (Applied Biosystems, Foster City, CA, USA). Fold expression changes were determined by the 2 -∆∆CT method. 19 Primer sequences for MiR-218 were:
forward primer 5′-GCGCTTGT GCTTGATCTAA-3′, reverse primer 5′-GT GCAGGGTCCGAGGT-3′. The PCR cycling conditions were: initial reaction at 95°C for 30 s, followed by 40 cycles of 95°C for 5 s, and finally 60°C for 34 s. The endogenous control was U6 snRNA and U6 RT primer and PCR primers were as previously described by Zhu et al. 20 All reactions were performed in triplicate.
STATISTICAL ANALYSIS
All measured biological parameters are presented as the mean ± SE. Statistical analysis was performed using the SPSS ® statistical package, version 11.0 (SPSS, Chicago, IL, USA) for Windows ® . Significant differences between groups were determined by one-way analysis of variance, with Pvalues < 0.05 considered as statistically significant.
Results
Epithelial tissue from cervical samples were obtained from 78 patients who had undergone cervical conization or radical trachelectomy, with a diagnosis of CIN. The median age of the patients was 39 years (range 23 -65 years); mean age was 42 years.
All patients underwent testing for HPV genotyping and those found are listed in Table 1 in descending order of prevalence. The most prevalent genotype was HPV-16 (26.67%). The prevalence of HPV-18, which is very common in Western countries, was only 5.00% in CIN patients at our institution in China. Infection with a single HPV type was seen in 52 cases (66.67%) and infection with multiple HPV types was seen in 19 cases (24.36%); in seven cases no HPV infection was found. Patients infected with HR HPV, IR HPV and LR HPV numbered 57 (73.08%), seven (8.97%) and seven (8.97%), respectively.
To observe the effects of HR HPV infection on miR-218 expression, patients infected with various HR HPV types were classified into a single HR group, without considering multiple infections. The mean expression levels of miR-218 in patients infected with HR, IR and LR HPV genotypes are presented in Fig. 1 compared with those who were HPVfree. Infection with HR HPV significantly lowered the expression of miR-218 compared with patients who were HPV-free (P < 0.01) whereas there was no significant difference between IR HPV infected patients and those who were HPV-free or between LR HPV infected patients and those who were HPVfree. Infection with HR HPV also significantly lowered the expression of miR-218 compared with IR HPV infected and LR HPV infected patients (P < 0.05). The mean levels of expression of miR-218 in patients at the different CIN stages are presented in Fig. 2 ; expression of MiR-218 associated with CIN 2 and CIN 3 was significantly lower than that associated with CIN 1 (P < 0.05). 
Discussion
The MiRNAs were first described in 1993 by Lee et al. 21 working in the Victor Ambros Laboratory, yet the term microRNA was only introduced in 2001 in a set of articles in Science. 22 -25 The importance of miRNAs and their aberrant expression in cancers has become increasingly apparent and it is clear that accurate measurement of miRNA expression is critical for tumour diagnosis, 26 treatment 27,28 and prognosis. 11 MiR-218 has been shown to be under-expressed in several cancers, including gastric cancer, 29 cervical cancer 9 and medulloblastoma. 30 In primary bronchial epithelium exposed to cigarette smoke condensate, miR-218 expression was also reduced. 31 The DNA encoding miR-218 was found to be deleted in ovarian and breast cancer, and in melanoma, 22, 26 indicating that miR-218 plays a role in carcinogenesis.
Carcinogenesis is a complex process requiring the acquisition of several genetic and/or epigenetic alterations. One generally accepted description of the pathogenesis of cervical cancer is that E6 protein encoded by HPV-16 and HPV-18 binds to E6-AP, resulting in the rapid ubiquitin-dependent degradation of p53. 32 The absence of p53 increases miR-200c expression 33 which, in turn, reduces the transcription of SLIT2. 15 A recent study has shown that the SLIT2 gene is gradually inactivated during transition from a normal uterine cervix to CIN and cervical carcinoma through chromosomal deletion and promoter hypermethylation. 34 MiR-218 is encoded in SLIT2 and infection with HPV-16 reduces the expression of miR-218 in cervical cell lines, cervical lesions and cancer tissues. 15 The present study showed that miR-218 was under-expressed in tissues infected with HR HPV, and miR-218 in patients with • Revised accepted 20 September 2010 Copyright © 2010 Field House Publishing LLP CIN2 and CIN 3 was lower than in patients with CIN 1, suggesting that miR-218 is involved in the carcinogenesis associated with HR HPV.
MiR-218 has hundreds of target genes, including LAMB3. The laminin 5β protein (encoded by the LAMB3 gene) is one of the subunits of the polymeric cell surface receptor laminin-5 which is regarded as a marker of invasiveness in cervical lesions. 35 LAMB3 has the ability to increase cell migration and carcinogenesis in severe combined immunodeficiency mice 36 and to promote carcinogenesis in human keratinocytes in collaboration with its ligand α6β4-integrin. 37 Thus the reduction of miR-218 by HR HPV infection may aid the virus's infection of basal cells and eventually favour tumour development.
In conclusion, the present study shows that miR-218 expression has a close association with HR HPV infection and CIN staging. These data may be helpful in discerning the malignancy of CIN and in unravelling the molecular mechanisms of cervical carcinogenesis.
